Abstract: Different concentrations of Steward 150 SC and Tracer 240 SC were tested under laboratory conditions against first and second instar larvae of Helicoverpa armigera. Results showed that these insecticides are very effective. The maximum mortality was observed by both insecticides and they can be used in the Integrated Plant Management (IPM) programme of any crop. For first instar, 300 ppm spinosad and 200 ppm indoxacarb can give complete mortality after 48 hours. For second instar larvae, 400 ppm spinosad can give maximum mortality (4.667), while 200 ppm of indoxacarb can give complete mortality after 48 hours.
INTRODUCTION
Helicoverpa armigera Hub. commonly known as American bollworm, is the major pest of many crops and considered as the most main pest of cotton, all over the world and also in Pakistan. It can cause a 15 percent decline in cotton crop yield (Regupathy et al. 1999) . No plant seems to be strong enough to avoid attack of H. armigera (Thirasack 2001) . Earlier reports showed that the Pyrethroids were the most potent against this pest and these insecticides reduced the population and damage of H. armigera effectively. But indiscriminate use of insecticides resulted in H. armigera becoming resistant to the insecticides. Now, it has also become difficult to control this pest because it has developed resistance against several conventional insecticides from the Organophosphate, Pyrethroid and Carbamate groups. Resistance has been reported from different parts of the world, especially from, New Zealand (Cameron et al. 1995) , India (Ramasubramanian 2004) , Australia (Gunning et al. 1992) , Spain (Torres-Vila et al. 2002) and Pakistan (Ahmad et al. 1999) .
Different control measures can be adopted to control this pest in which chemical control is the most important. Conventional insecticides are harmful to the beneficial insects and due to resistance in H. armigera it has become necessary to use such insecticides which are ecologically safe for natural enemies. Spinosad and indoxacarb belongs to a new chemical group of insecticides and are safe to the natural enemies of both predators (Nasreen et al. 2003) and parasitoids (Williams et al. 2003) . These insecticides can be used in any Integrated Plant Management (IPM) program for the control of H. armigera because they are considered among the best insecticides to control the Lepidopteran pests (Ahmad et al. 2005) .
In the present study, different concentrations of Indoxacarb 150 SC and Spinosad 240 SC were tested under laboratory conditions against first and second instar larvae of H. armigera. Comparisons were done to observe the optimum concentration of both insecticides.
MATERIALS AND METHODS

Insects
Full grown larvae of H. armigera were collected randomly from the field of chickpea during February 2005 and were reared at 27+2°C, R.H. 60+5% and at a light darkness ratio of 14 : 10 hours, on chickpea based artificial diet. These larvae were reared to obtain the F1 generation, which was ultimately used in the experiment.
Insecticides
Commercial formulations of spinosad (Tracer 240 SC, Dow Agro Sciences) and indoxacarb (Steward 150 SC, DuPont) were obtained from their respective manufacturers and used in the present experiment. 100 ppm, 200 ppm, 300 ppm and 400 ppm concentrations were prepared by using distilled water. The first three concentrations were serial but the fourth serial concentration was skipped and the fifth was used as the fourth. This was done because if the serial concentrations did not show a significant effect then the fourth may be significant.
Bioassays
Newly emerged first instar and newly moulted second instar larvae of F1 generation of H. armigera were exposed to the test insecticides at four different concentrations. The leaf dip method was used as recommended by the Insecticide Resistance Action Committee of GIFAP (Anonymous 1990) . Unsprayed cotton leaves were taken, and washed. Five centimeter leaf discs were cut. These were dipped in test solutions for ten seconds with gentle agitation and were placed on filter paper for drying. The leaf discs were placed in a five centimeter glass petri dish with a thin layer of agar underneath to avoid desiccation in three replicates. On each leaf disc seven larvae were placed with a fine camel hair brush and petri dishes were covered with lids in order to keep everything under controlled environmental conditions. The same number of leaf discs per treatment were dipped into distilled water to serve as the control. Mortality at different concentration levels of both insecticides was recorded after 24 and 48 hours of the exposure to the insecticides.
Data analysis
Data was analyzed using computer based software M-STATC.
RESULTS
First Instar
The mortality of newly emerged first instar larvae of H. armigera was noted after 24 and 48 hours of treatment with four different concentrations (100 ppm, 200 ppm, 300 ppm and 400 ppm) of spinosad and indoxacarb as given in table 1.
All insecticides gave statistically significant mortality of first instar larvae of H. armigera as compared to the control. After 24 hours of exposure maximum mortality was noted in the treatment of a 400 ppm concentration (7.000) and minimum mortality was noted in the 100 ppm concentration (3.667). Concentrations at 200 ppm (5.667) and 300 ppm (6.667) were found statistically non-significant when compared with the treatment of 400 ppm concentration. After 48 hours of exposure 300 ppm concentration also gave complete mortality (7.000) and was statistically non significant with 200 ppm (6.333) and significant with 100 ppm (5.333) concentrations.
After 24 hours, 300 ppm and 400 ppm of indoxacarb were statistically non-significant when compared and gave complete mortality (7.000). Concentrations of 100 ppm (4.667) and 200 ppm (5.667) were also found to be statistically non-significant. Concentrations of 300 ppm and 400 ppm were statistically significant when compared with 100 ppm and 200 ppm concentrations. After 48 hours of exposure, the 200 ppm concentration also gave complete mortality (7.000) and was statistically non-significant when compared with 100 ppm concentration (6.667).
For first instar, 300 ppm spinosad and 200 ppm indoxacarb can give complete mortality after 48 hours.
Second Instar
The mortality of newly moulted second instar larvae of H. armigera noted 24 and 48 hours after treatment with four different concentrations (100 ppm, 200 ppm, 300 ppm and 400 ppm) of spinosad and indoxacarb is given in table 2.
When second instar larvae were treated with four different concentrations of spinosad all the treatments were statistically significant when compared with the control. A 400 ppm concentration gave maximum mortality (2.667) and was at par when compared with 200 ppm (2 000) and 300 ppm (2 000) concentrations. Minimum mortality was noted in 100 ppm concentration (1 000) and was at par? Means sharing similar letters in a column do not differ significantly at 5% probability Means sharing similar letters in a column do not differ significantly at 5% probability with 200 ppm and 300 ppm concentrations which were statistically non significant among themselves. After 48 hours maximum mortality was noted in treatment of 400 ppm concentration (4 667) and was at par with 300 ppm concentration (4 000). 300 ppm concentration was at par with? 200 ppm (3 333) and 100 ppm concentration (2 667) which gave minimum mortality. After 24 hours exposure of different concentrations of indoxacarb complete mortality was noted in the 400 ppm concentration treatment (7 000) and was at par? with the 300 ppm concentration (6 333). 300 ppm concentration was at par with 200 ppm (5 333) and significant along with the 100 ppm concentration (4 667) which gave minimum mortality. After 48 hours of exposure 300 ppm and 200 ppm concentrations gave complete mortality (7 000) and were statistically non-significant with the 100 ppm concentration (6 667).
For second instar larvae 400 ppm spinosad give maximum mortality (4 667) and 200 ppm of indoxacarb give complete mortality after 48 hours.
DISCUSSION
The results of the present study showed that indoxacarb is more toxic to H. armigera compared to spinosad. The same results were observed by Rani et al. 2005 . They tested indoxacarb and spinosad against H. armigera and they found indoxacarb more toxic to H. armigera than spinosad. In this study it was observed that for all the stages of H. armigera, indoxacarb was found to be more toxic than spinosad. Karabhantanal and Awaknavar (2004) and Ali et al. (2002) do not agree with the results of the present study. They conducted experiments to observe the toxicity of spinosad and indoxacarb to second instar larvae of H. armigera. They found spinosad more toxic than indoxacarb as spinosad caused a higher mortality rate than indoxacarb for a specific time.
First instar larvae was observed to be more susceptible to spinosad and indoxacarb. Ramos et al. (2004) also showed that spinosad was more active on first instar larvae of H. armigera. All the concentrations of indoxacarb gave maximum mortality in less time i.e. 24-48 hours for both the instars. Abid and Cagnieul 2003 also conducted an experiment on the toxicity of indoxacarb to different instars of H. armigera. They observed that 24-46 hours are sufficient to kill most of the stages of H. armigera.
In the present study, it is clear that for both of the insecticides first instar is more susceptible. Hence, in the field, chemical control should start at the early stages to control H. armigera. For a better understanding about the chemical control in the field, further information about the persistency of insecticides is necessary. Previous studies showed that indoxacarb and spinosad are safe, selective insecticides (Grafton-Cardwell et al. 2003) . Results showed that these insecticides are very effective as maximum mortality was noted when using both insecticides and thus, they can be used in the Integrated Pest Management programme of any crop.
